Intracellularly, E-cadherin is linked to the actin cytoskeleton through intervening protion. These include Pro16 of hEC1, a major determinant for human susceptibility to L. monocytogenes infecteins and is critical for physiological processes such as cell signaling and differentiation, but also diseases like tion that is essential for intermolecular recognition. Our studies reveal the structural basis for host trocancer (Steinberg and McNutt, 1999). E-cadherin consists of five extracellular, immunoglobulin-like domains pism of this bacterium and the molecular deception L. monocytogenes employs to exploit the E-cadherin (EC1 to EC5), a transmembrane ␣-helix, and an extended intracellular domain that binds ␤-catenin. Known strucsystem. tures of cadherin domains include extracellular murine
In addition to residues 1 to 100 of hEC1, three N-terminal (residues 36-496), is an elongated, sickle-shaped moleresidues, introduced by the cloning methodology cule, 108 Å long and 27 Å in diameter (Figure 1 ). Structur-(Pro(-2), Leu(-1), and Gly0) are well ordered in the elecally, InlAЈ consists of three distinct domains characteristron density and form part of the structure. tically fused into a contiguous domain, the "internalin domain" previously described for InlB and InlH (Schubert et al.
, 2001). Though InlB and InlH are significantly
The InlA/hEC1 Complex InlAЈ and hEC1 form a stoichiometric complex in which smaller, the constituent domains are structurally conserved and will be described only briefly.
InlAЈ binds the smaller hEC1 in a tight embrace, clearly reminiscent of the ribonuclease inhibitor binding its tarResidues 36 to 78 (pink domain in Figure 1A 2). In vivo both domains are followed by spacer domains that link the molecules to opposing cell surfaces. The ( Figure 1A) . The ␤ strands combine to form a 16 stranded, parallel ␤ sheet. The fifteen 3 10 -helices, sparelative orientation of hEC1 thus allows an optimal approach of the bacterial protein poised to recognize and tially larger than the ␤ strands, introduce an overall curvature to the ensemble in which the ␤ sheet and the 3 10 -bind its counterpart hEC1. The extended interface between InlAЈ and hEC1 helices, respectively, define the inner, concave, and the outer, convex surfaces. Each repeat is additionally rostretches over the entire inner, concave surface of InlAЈ. Conversely, InlAЈ covers more than 180Њ of the circumtated by ‫5ف‬Њ around the solenoid axis relative to its predecessor adding a twist to the overall arrangement. ference of hEC1 ( Figure 2C ). In InlAЈ, the interface exclusively involves the LRR-domain ( Figure 4A ). Though Residues 415 to 495 (blue in Figure 1A 
Contribution of Individual Residues to Binding
Surface-exposed, aromatic amino acids of InlAЈ dominate the direct interactions with hEC1. Phe150 is instrumental in positioning Pro18 of hEC1 (Figures 4A and  4B) . Tyr343, Tyr347, Phe367, Tyr369, and Trp387 belong to a cluster of aromatic residues in LRR13 to 15 ( Figure  4A ) that interact with Val3, Ile4, Pro5, Pro6 in ␤ strand a of hEC1, and a group of polar residues in ␤ strand b (Gln23, Lys25, and Asn27). Replacing the aromatic residues individually by alanine and repeating the sedimentation experiments indicates that most mutations reduce affinity for hEC1 to an extent that precludes reliable quantification of the binding affinity ( Figure 5A,  F150A, Y343A, F367A, and W387A) . The binding affinity of mutant Y347A for hEC1 is reduced but still quantifiable at a third to a half that of the wild-type protein. Mutant Y369A exhibits the opposite effect, revealing a slight, yet significant increase in binding affinity for hEC1 as compared to the wild-type protein. This confirms the are as yet not fully understood but appear to be usurped by Listeria monocytogenes to induce a local remolecules. In the structure of the complete extracellular Structure Determination X-ray data were collected using synchrotron radiation ( ϭ 1.05 Å ) Experimental Procedures and a MAR CCD detector at beamline BW6 (DESY Hamburg, Germany). X-ray data were processed using DENZO/SCALEPACK (OtCloning, Protein Purification, and Mutagenesis winowski and Minor, 1997) and TRUNCATE (CCP4, 1994). Molecular Bacterial DNA coding for residues 36 to 496 of InlA from Listeria replacements were performed using AMORE (Navaza, 1994). Initial monocytogenes was cloned by PCR into the pGEX-6P1 vector refinement and manual rebuilding were performed using CNS ( Wilson, 1993) excluding 5% of the data for free R-factor calculation protein, which retains five additional N-terminal amino acids of the (Brü nger, 1992). protease cleavage site, was concentrated to ‫01ف‬ mg/ml. The structure of InlAЈ was solved by molecular replacement using DNA encoding the first 100 amino acids of hEC1 was cloned by a model built from InlHЈ (Schubert et al., 2001). The structure was PCR from a human cDNA library into the pGEX-6P1 vector. The refined at 1.6 Å resolution. The C-terminal residue 496 is not visible protein was subsequently prepared using a similar production and in any of the electron density maps. Disordered regions vary (Table  purification strategy as outlined for InlA. 1). Molecular replacement of crystal form C2-II using the refined Site-directed mutations of residues involved in the InlAЈ/hEC1 structure of InlAЈ from C2-I located two molecules per asymmetric interface were introduced into both proteins using the QuikChange unit related by a translation of half a unit cell along the c-axis plus a small shift out of the ac-plane. Each InlAЈ is located near a crystalMutagenesis method (Stratagene).
